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ABSTRACT

Introduction and aim. Acute cardiorenal syndrome (CRS) is a condition in which acute cardiac dysfunction leads to acute kid-
ney injury (AKI), resulting in high morbidity and mortality rates. This study aimed to assess the diagnostic and prognostic value
of plasma kidney injury molecule 1 (KIM-1) and interleukin-18 (IL-18) levels in acute CRS compared to acute heart failure (AHF)
and healthy controls.

Material and methods. A case-control study was conducted with 90 participants divided into three groups: control (n=30), AHF
(n=30), and acute CRS (n=30). Renal function parameters (serum creatinine, blood urea nitrogen, estimated glomerular filtra-
tion rate) and plasma biomarkers (KIM-1, IL-18) were measured. A receiver operating characteristic curve analysis was used to
evaluate diagnostic performance and logistic regression was used to identify predictors of disease outcomes.

Results. Plasma KIM-1 and IL-18 levels were significantly higher in the acute CRS group than in the AHF and control groups.
KIM-1 demonstrated superior diagnostic accuracy (the area under the curve (AUC)=1.000) with 100% sensitivity and specificity,
while IL-18 also performed well (AUC=0.96, sensitivity=96%, specificity=97%). ROC analysis identified plasma KIM-1 and IL-18
cut-off values of >72.78 pg/mL and >254.8 pg/mL, respectively, which may be used as thresholds for early diagnosis and risk
stratification. Logistic regression analysis revealed that plasma KIM-1 was a significant predictor of adverse outcomes (OR=3.5,
95% Cl 1.50-8.49, p=0.003), while IL-18 also contributed to risk stratification (OR=1.06, 95% Cl 1.04-1.125, p=0.03). These ad-
verse outcomes included progression to kidney disease. However, these findings require validation in an independent cohort
to confirm reproducibility and generalizability.

Conclusion. KIM-1 and IL-18 are highly effective biomarkers for diagnosing and stratifying the risk of acute CRS, outperforming
traditional markers of renal function. Their clinical integration could enable early detection and personalized treatment, thus
improving patient outcomes. However, more studies with larger cohorts, serial measurements, and independent validation are
warranted.
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Introduction kidneys, in which acute cardiac dysfunction precipitates
Acute cardiorenal syndrome (CRS) represents a com- acute kidney injury (AKI) or exacerbates preexisting re-
plex and bidirectional interplay between the heart and nal dysfunction.' Type 1 CRS, characterized by acute de-
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compensated heart failure leading to AKI, is associated
with a high morbidity and mortality burden, affecting
more than 30% of hospitalized patients with acute heart
fajlure (AHF).?? The intricate pathophysiology of CRS
involves hemodynamic alterations, neurohormonal ac-
tivation, systemic inflammation and oxidative stress,
culminating in structural kidney damage and functional
impairment.*® Early identification and stratification of
patients at risk of CRS are critical for improving clinical
outcomes; however, this remains a challenge due to the
overlapping presentation of cardiac and renal dysfunc-
tion and the limitations of traditional diagnostic tools.®

Recent advances in precision medicine underscore
the limitations of conventional renal markers, such as
serum creatinine and estimated glomerular filtration
rate (eGFR). In addition to these markers, emerging
biomarkers such as neutrophil gelatinase-associated li-
pocalin (NGAL), cystatin C, and soluble ST2 are being
investigated for early detection and risk stratification
in cardiorenal syndrome.”® For example, a study by Er-
dil highlights the role of advanced nanobiomaterials
and innovative signaling approaches in cardiovascu-
lar disease.” Consequently, there has been growing in-
terest in identifying new biomarkers that can provide
more precise insights into the underlying pathophysi-
ology of CRS.® Plasma biomarkers, such as kidney inju-
ry molecule-1 (KIM-1) and interleukin-18 (IL-18), have
emerged as promising candidates in this context.'” KIM-
1 is a transmembrane glycoprotein expressed in renal
proximal tubular cells in response to ischemic or tox-
ic injury and has been validated as a sensitive marker
of tubular injury in AKI.'>" Similarly, IL-18, a proin-
flammatory cytokine, plays a key role in mediating re-
nal inflammation and apoptosis, making it a potential
biomarker for detecting inflammatory kidney injury.'>"

Recent studies have highlighted the utility of KIM-
1 and IL-18 in various renal pathologies, including AKI
and chronic kidney disease (CKD), but their roles in
CRS remain underexplored.”* Given the dynamic in-
terplay between cardiac and renal dysfunction in CRS,
these biomarkers may offer valuable insights into both
the structural and inflammatory aspects of kidney in-
jury, thus complementing traditional renal function pa-
rameters. Furthermore, the integration of biomarkers
into clinical practice has the potential to enhance risk
stratification, allowing timely therapeutic interventions,
and improving patient outcomes.'®'” However, our
study is novel in that it focuses specifically on the diag-
nostic and prognostic utility of plasma KIM-1 and IL-18
in type 1 CRS, where acute heart failure leads to acute
kidney injury.

Aim
In this study, our aim was to evaluate the clinical util-
ity of plasma levels of KIM-1 and IL-18 as diagnostic

and prognostic biomarkers in patients with acute CRS.
Specifically, we investigated their correlation with re-
nal function parameters, the ability to differentiate CRS
from AHE, and the predictive value of adverse out-
comes. By comparing these biomarkers across the con-
trol, AHE, and CRS groups, we sought to provide novel
information on their relevance to the pathophysiology
and management of CRS. Furthermore, this study con-
tributes to the growing body of evidence supporting
biomarker-based approaches in cardiorenal syndromes,
paving the way for more personalized and effective pa-
tient care.

Material and methods

Study design and participants

A case-control study was conducted between February
2023 and July 2024 at the (Al-Sadr Teaching Hospital
in Najaf, Iraq), following approval from the Institution-
al Review Board (approval number: 34328). Written in-
formed consent was obtained from all participants prior
to inclusion, in accordance with the principles of the
Declaration of Helsinki.'® The sample size (n) was deter-
mined using the following formula to compare the two
proportions in case-control studies."”

n= {( Z{%} + Z{B}) [ Pra-pp + pz(1—p2)]}/{( p1— P2)?}

- 7 {g = 1.96 for a 95% confidence level,

- Z{ﬁ}2 = 0.84 for 80% power,

- p, = 0.70 (proportion of a specific marker in the
CRS-1 group based on previous studies),

- p,=0.30 (proportion in controls).

Ninety participants were divided into three groups:
(i) control (n=30), (ii) AHF (n=30), and (iii) acute CRS
(n=30). A sample size of 30 subjects per group was cho-
sen based on previous biomarker studies in similar
clinical settings. Although this is a preliminary investi-
gation, the sample size provided sufficient power to de-
tect statistically significant differences; however, future
studies with larger cohorts are recommended. The in-
clusion criteria for the AHF and acute CRS groups were
clinical, radiological, and laboratory evidence of acute
cardiac dysfunction with or without concomitant AKI.
Subjects were excluded if they had chronic dependence
on dialysis, severe systemic illness (e.g., advanced liv-
er disease or active malignancy), or recent exposure to
nephrotoxic agents. Patients with AHF and CRS were
recruited based on established diagnostic criteria, in-
cluding the European Society of Cardiology guidelines
for AHF and definition of type 1 CRS as acute cardiac
dysfunction leading to renal impairment.”®* The clas-
sification of AKI among patients with acute CRS was
performed using Kidney Disease: Improving Global
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Outcomes (KDIGO) criteria, which define AKI based
on an increase in serum creatinine of <0.3 mg / dL in
48 hours, an increase to >1.5 times the baseline with-
in 7 days, or a reduction in urine output of <0.5 mL/kg/
hour for at least 6 hours. Further stratification was per-
formed using the same criteria, which categorize AKI
severity based on serum creatinine changes and urine
output over time.”

Data collection

Demographic details (age and sex) and relevant medical
history were documented. Anthropometric measure-
ments included body mass index (BMI), calculated as
weight (kg) divided by the square of height (m).”* Dis-
ease severity was assessed using clinical and echocardio-
graphic parameters. Functional status in the AHF and
CRS groups was classified using the New York Heart As-
sociation (NYHA) classification.?* The duration of hos-
pitalization was recorded in days for each patient. The
left ventricular ejection fraction (EF) was assessed us-
ing two-dimensional transthoracic echocardiography
(TTE) following the guidelines of the American Society
of Echocardiography guidelines.”

Sample collection

Venous blood samples (5-7 mL) were collected from each
participant by standard phlebotomy into serum separa-
tor tubes and plasma tubes of ethylenediaminetetraacetic
acid. Samples were drawn under fasting conditions (if
clinically feasible) or at a standardized time point im-
mediately after admission. The tubes were centrifuged at
3,000xg for 10 min at 4°C and serum and plasma aliquots
were stored at -80° C until the test.

Biochemical measurements

Renal function parameters, including serum creatinine
and blood urea nitrogen (BUN), were measured using
an automated chemistry analyzer (Beckman Coulter
AU5800; Cat No. A18504, Beckman Coulter Inc., USA).
eGFR was calculated using the Modification of Diet in
Renal Disease (MDRD) formula:*

MDRD-2 (abbreviated) equation: GFR (expressed in
ml/min/1.73 m?)=186x[Pcr]***x[age] *2"x[0.742 if
the patient is female]

Plasma biomarkers, including KIM-1 and IL-18, were
quantified using enzyme-linked immunosorbent assay
(ELISA) kits. KIM-1 levels were measured using the
human KIM-1 quantikine ELISA Kit (Cat No. DY1757-
05, USA). This assay had a sensitivity of 0.1 pg/ml and
an intra-assay coeflicient of variation (CV)<6%. IL-18
levels were assessed using a human IL-18 high-sen-
sitivity ELISA Kit (Cat No. BMS267-2, USA), which
had a detection limit of 1.0 pg/ml and an inter-assay

CV<8%. All biomarker measurements were performed
in duplicate to ensure precision following the manu-
facturer’s protocol.

Statistical analysis

GraphPad Prism 9 (GraphPad Software, Inc. Bos-
ton, MA, USA) was used to detect the effect of differ-
ent groups (patients and controls) on study parameters.
A t-test was used to compare the means. The chi-square
test was used to compare the percentages (0.05 and 0.01
probability). Estimation of the correlation coefficient
and multiple linear regression between variables. The
sensitivity and secrecy of parameters in the patient and
control groups for biomarkers were determined using
receiver operating characteristic (ROC) curve analysis
to maximize sensitivity and specificity. The Youden in-
dex was used to identify the optimal thresholds for each
parameter.”

Results

Demographic characteristics of study groups

Table 1 shows the baseline characteristics of the control,
AHF and acute CRS groups. No significant differences
were observed in age (p=0.26), sex distribution (p=0.25)
or BMI (p=0.16) between the groups, ensuring demo-
graphic comparability. The prevalence was higher in the
AHF (73%) and Acute CRS (83%) groups than in the
controls, but this difference was not statistically signifi-
cant (p=0.5). The duration of hospitalization (p<0.001)
and NYHA classification (p<0.001) showed significant
differences, with acute CRS patients experiencing longer
hospital stays and more severe functional impairment
(70% in NYHA class IV). EF also decreased progres-
sively between groups, with a significant decrease from
control (60.77+4.30%) to AHF (41.70+5.08%) and acute
CRS (34.73+2.49%) (P> 0.001). These findings reflect
the increasing clinical severity from AHF to acute CRS,
highlighting the class EF and NYHA as key indicators of
disease progression.

Distribution and severity of AKI stages in patients with
acute CRS

Table 2 and Figure 1 illustrate the distribution of AKI
stages according to KDIGO criteria among patients with
acute CRS. Most of the patients (76%) were classified
as stage IT AKI, while only 24% were classified as stage
L. This finding highlights the prevalence of severe renal
impairment in this cohort. Figure 1 provides a clear vi-
sual representation of this distribution, highlighting the
significant proportion of stage II cases. These findings
underscore the critical severity of kidney dysfunction
in patients with acute CRS and have important implica-
tions for clinical management and prognosis.
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Table 1. Baseline demographic and anthropometric
characteristics of the control, AHF, and acute CRS groups®

Renal function parameters among study groups
Table 3 and Figure 2 summarize renal function parame-

Characteristic Control AHF Acute CRS P ters, demonstrating progressive renal dysfunction from
n=30 n=30 n=30 the control to the AHF and acute CRS groups. Blood
Age (years) urea levels were significantly elevated in acute CRS
Mean5D 65556 ~ 629456  64.6+7.09  0.260" (41.2+18.1 mg/dL) compared to control (20.9+5.4 mg/
Range 55-75 55-73 55-75 dL) and AHF (25.4+9.3 mg/dL). Baseline and current
Sex serum creatinine levels followed a similar trend, with
Male, n (%) 14(46%)  19(63%)  13(43%)  0.25F° significant differences between all groups, highlighting
Female, n (%) 16(54%)  11(37%) 17 (57%) the worsening of renal impairment in acute CRS (cur-
BMI (kg/m’) rent serum creatinine: 2.64+0.53 mg/dL).
Mean+SD 25.7£1.26 28.4+0.84  28.9+1.54 0.16 0"
Range 23.6-284  27.1-297  25.4-30.2 Table 3. Renal function markers in acute heart failure and
Smoking Status cardio-renal syndrome patients a control comparison
Non-Smoker, n (%) - 8(27%) 5(17%) 05F% Characteristic Control AHF Acute (RS P
Smoker, n (%) - 2(3%)  25(83%) BUN (mg/dL)
Duration of hospitalization Mean+: 9725 11843 192484
<7days,n (%) - 19 (63%) 0(0.0%)  <0.001F" e A A B <00010™
Range 46-144  6.2-263 10.7-37.5
>7 days, n (%) - 11(37%)  30(100%) Baseline serum creatinine (mg/dL)
NYHH dlassification 0.85+£0.08  0.9+0.06 1.14+0.08
Mean=SD
Class1,n (%) - 000%  0(00%)  <0.001F" A B B <0.0010%*
Class I, n (%) ) 8(27%) 0(0.0%) Range 0.72-0.99  0.89-1.09  1.02-1.26
Cass Il (%) i 203%) 930%) Current serum creatinine (mg/dL)
0.84+£0.09 1.14+0.06  2.64+0.53
Class 1V, n (%) - 000%)  21(70%) Mean=-5D A B ¢ <00010%
Ejection fraction % Range 07-1.0  1.0-1.23 1.65-3.4
Mean:£5D 60774430 41704508 3473+249 <0.0010*** €GFR (mL/min/1.73 m’)
Range 59.16-6237 39804360 33.80-35.66 Mean5D RS GIT B e
2 n number of cases, SD - standard deviation, O one-way Range 549-112  516-86  41.7-73

ANOVA, NS - not significant (p <0.05), F - Fisher’s exact test

Table 2. Distribution of AKI stages (KDIGO criteria) among
acute CRS patients

AKI stagE (KDIGO)
Stagel, n (%) Stage l, n (%)
AcutE CRS 7 (24%) 23 (76 %)

These findings are illustrated in Figure 1, which
shows the proportional representation of the stages of
AKIT in patients with acute CRS. The dominance of stage
I AKI is evident, highlighting the need for effective
strategies to manage and monitor renal dysfunction in
this high-risk group.

P M Stage |
S . Stage 11
e S
W
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Fig. 1. Proportional representation of AKl stages (KDIGO
criteria) in acute CRS patients

2 n number of cases, SD - standard deviation, O one-way
ANOVA, *** —significant at p <0.001, capital letters A,

B, and C were used to indicate the level of significance
following Tukey’s multiple comparison test, similar letters
indicate no significant difference, while different letters
indicate significant differences, * the conversion factor (CF)
to convert blood urea (BU) to blood urea nitrogen is 2.14

eGFR showed a significant decline, with the mean
eGFR decreasing progressively from control (78+13.9
mL/min/1.73 m?) to AHF (69.3£10.3 mL/min/1.73 m?)
and acute CRS (55.11£9.6 mL/min/1.73 m?). Figure 2 vi-
sually represents this reduction in eGFR, highlighting
the marked decline in renal function in acute CRS.
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Fig. 2. Comparison of mean eGFR among study groups
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Plasma biomarkers in study groups

Table 4 highlights the significant differences in plas-
ma biomarkers (KIM-1 and IL-18) between the con-
trol, AHF and acute CRS groups. Plasma KIM-1 levels
were markedly elevated in acute CRS (432.8+55.2 pg/
mL) compared to AHF (63.8+27.2 pg/mL) and control
(50.6£10.5 pg/mL), with, indicating severe kidney tu-
bular injury in acute CRS. Similarly, plasma levels of IL-
18 were significantly higher in the acute CRS (415%52
pg/mL) than in the AHF (258+41.6 pg/mL) and control
(105.2+24.5 pg/mL) groups, reflecting increased inflam-
mation associated with renal dysfunction.

Table 4. Comparison of plasma KIM-1 and IL-18 among the
control, AHF, and acute CRS groups®

Characteristic Control AHF
Plasma KIM-1 (pg/mL)

Acute CRS p

50.6+10.5  63.8+27.2 432.8+£55.2

Mean=+SD
A B C <0.0010 ***
Range 221-728  185-125  310-562
Plasma IL-18 (pg/mL)
105.2424.5  258+41.6 41552
Mean+SD
A B ( <0.0010 ***
Range 58-154 179-342 307-514

2 n number of cases, SD - standard deviation, O one-way
ANOVA, *** —significant at p<0.001, capital letters A, B, and
C were used to indicate the level of significance following
Tukey’s multiple comparison test, similar letters indicate
no significant difference, whereas different letters indicate
significant differences

Correlation analysis of biomarkers in cardiorenal syn-
drome

Correlation between plasma biomarkers (IL-18 and
KIM-1) and renal function parameters (current cre-
atinine and eGFR). Plasma levels of IL-18 showed a
strong positive correlation with current creatinine lev-
els (r=0.841, p<0.0001, Fig. 3A) and a significant neg-
ative correlation with eGFR (r=-0.604, p<0.0001, Fig.
3B). Similarly, plasma KIM-1 showed a robust posi-
tive correlation with current creatinine level (r=0.917,
p<0.0001, Fig. 4A) and moderate correlations with
eGFR (r=-0.594, p>0.0001, Fig. 4B). These findings sug-
gest that plasma IL-18 and KIM-1 are closely associat-
ed with markers of renal dysfunction, highlighting their
potential utility as reliable biomarkers for assessing the
severity and progression of kidney injury. The negative
correlation with eGFR further supports its relevance in
reflecting a decline in renal function.

Diagnostic efficacy of biomarker in the studied groups

Figures 5A and 5B demonstrate the diagnostic utili-
ty of plasma levels of KIM-1 and IL-18 in identifying
acute CRS. Plasma KIM-1 showed outstanding diagnos-
tic performance with a cut-off value of >72.78 pg/mL,
achieving 100% sensitivity and specificity with an area

4
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= °
?3— L] o‘$
<
£
-]
Hz_ *
g r=0.841
@
E L B
£ .
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®}
0 200 400 600
Plasma IL-18 (pg/mL)
1504
= .
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£
[~
= 50
&
=
0 200 400 600

Plasma IL-18 (ng/mL)

Fig. 3. A: Correlation between current creatinine and plasma
IL-18, B: Correlation between eGFR and plasma IL-18
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0 e ————r .
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L ]
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0 200 400 600
Plasma KIM-1 (pg/mL)

Fig. 4. A: Correlation between current creatinine and
plasma KIM-1, B: The correlation between eGFR and
plasma KIM-1 (all correlation coefficients (r) are statistically
significant at p<0.0001, the strong positive correlations
suggest that higher KIM-1 levels closely with increases in
creatinine levels, indicating possible deterioration in renal
function)
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under the curve (AUC) of (1.000, p<0.001), as shown in
Figure 5A. Similarly, plasma IL-18 showed a high diag-
nostic capability with a cut-off value of >254.8 pg/mL,
yielding a sensitivity of 96% and specificity of 97%, with
an AUC of (0.996, p<0.001), as depicted in Figure 5B.
These results highlight the exceptional diagnos-
tic power of plasma KIM-1 and IL-18 as biomarkers
of acute CRS, with plasma KIM-1 showing perfect dis-
crimination. Both biomarkers demonstrated a robust
potential for early detection and risk stratification in pa-
tients with acute CRS, supporting their clinical utility
in improving outcomes through targeted interventions.

Plasma KIM-1 (pg/mL)
100 |-

80

601

Sensitivity

40

20 H
L AUC = 1.000
P <0.001

N Ui U i

0 20 40 60 80 100
100-Specificity

Plasmall-18 (pg/mL)

100
80
= 60K
=
E
w40
20 AUC= 0,996
P< 0001
0 1 1 i I 1
0 20 40 60 80 100

100-Specificity

Fig. 5. A: The ROC curve for plasma KIM-1, B: The ROC curve
for plasma IL-18

Statistical analysis of plasma KIM-1 and IL-18

Table 5 presents the logistic regression analysis of the
plasma biomarkers KIM-1 and IL-18 as predictors
of disease outcome, with model 1 achieving high ex-
planatory power (R2=0.81, (p<0.0001). Plasma KIM-
1 level demonstrated a significant positive association
with disease outcome (B=1.27, OR=3.5), highlight-
ing its strong predictive potential. Similarly, plasma
IL-18 showed a significant, although weaker, associa-
tion (B=0.06, OR=1.06) The model ROC AUC of 0.971
(95%CI: 0.911-0.995) reflects excellent discriminative

ability, further corroborated by high classification accu-
racy for negative cases (93.33%), positive cases (90%),
and overall accuracy (91.11%). These results empha-
size the clinical utility of plasma KIM-1 and IL-18 levels
as significant and complementary predictors of disease
outcomes, and plasma KIM-1 emerging as a stronger
predictor in the logistic model.

Table 5. Logistic regression analysis of biomarkers to
predict disease outcome: evaluation of plasma KIM-1
and IL-18 as significant predictors, model 1 (R2=0.81)
(p<0.0001)?
Variables B(coef) Wald Oddsratio 95%(ClforOdds  p
Ratio
PlasmaKIM-1(pg/mL) ~ 1.27 83 35 1.50t08.49  0.003**
Plasma IL-18 (pg/mL) 0.06 445 1.06 1.04t01.125 0.03*
ROCAUC 0.971(95% C1:0.911 t0 0.995)
(lassification accuracy ~ Negative cases: 93.33%, Positive cases: 90%, Overall: 91.11%
2 B (coef) regression coefficient, Cl - confidence interval,

dependent variable current creatinine

Discussion

This study evaluated the clinical utility of plasma bio-
markers, kidney function parameters, and disease se-
verity indices to distinguish CRS from AHF and healthy
controls. Additionally, we explored the prognostic po-
tential of these biomarkers for predicting disease out-
comes. Our findings demonstrated that plasma levels
of KIM-1 and IL-18 are significantly associated with re-
nal dysfunction and systemic inflammation. Integrating
these biomarkers into clinical practice could revolution-
ize the management of acute CRS.

The progressive decline in renal function parame-
ters, such as serum creatinine, BUN, and eGFR, is ob-
served to reinforce the pathophysiological continuum
from AHF to acute CRS. Acute CRS epitomizes a bidi-
rectional interplay, in which cardiac dysfunction pre-
cipitates renal hypoperfusion, resulting in structural
kidney damage and impaired filtration capacity.?® Our
study corroborates previous research that indicates that
eGFR and serum creatinine level are critical markers of
renal dysfunction, with progressive deterioration being
a hallmark of CRS.#*

However, although these traditional parameters are
instrumental in reflecting established kidney injury, their
diagnostic sensitivity in the early stages of CRS remains
suboptimal.® This limitation arises from their inherent
nonspecificity and delayed elevation following renal inju-
ry.! For example, the serum creatinine level may not rise
until significant renal impairment has occurred, thus de-
laying timely diagnosis and intervention.*

Our findings are further aligned with those of other
studies that highlight BUN as an adjunctive marker of
renal dysfunction. Elevated BUN levels in acute CRS pa-
tients not only signify renal impairment, but also reflect
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metabolic derangements associated with CRS.* The in-
crease in BUN is indicative of reduced renal perfusion
and neurohormonal activation, which contribute to the
accumulation of uremic toxins.** The concurrent decline
in eGFR and the increase in serum creatinine under-
score the progressive deterioration of glomerular func-
tion, a critical aspect of the pathophysiology of CRS.

This study underscores the clinical utility of plas-
ma KIM-1 and IL-18 as biomarkers for the early de-
tection of renal injury and inflammation in acute CRS.
KIM-1, a type I transmembrane glycoprotein expressed
in proximal tubular cells, is markedly up-regulated af-
ter ischemic or toxic injury, and serves as a sensitive
and specific indicator of tubular damage.'"'> Elevat-
ed levels of plasma KIM-1 likely reflect tubular injury
due to renal ischemia, as KIM-1 is up-regulated in re-
sponse to tubular cell damage." In our study, elevated
plasma KIM-1 levels were significantly associated with
acute CRS, demonstrating superior diagnostic accuracy
(AUC=1.0), while our ROC analysis demonstrated ex-
ceptionally high AUC values for plasma KIM-1 (1.000)
and IL-18 (0.996), these results should be interpreted
with caution. The near-perfect discrimination may part-
ly reflect overfitting due to our limited sample size and
the absence of an independent validation cohort. Future
studies are warranted to validate these findings in larger,
multicenter cohorts. This finding aligns with that of Liu
etal., who reported that KIM-1 is a robust biomarker for
AKI with high sensitivity and specificity.*®

IL-18, a pro-inflammatory cytokine, plays a cru-
cial role in the immune response to renal injury by ac-
tivating the inflammasome pathway, leading to tubular
apoptosis and exacerbating kidney damage.'**® The el-
evated IL-18 in our study are consistent with previous
evidence linking IL-18 to ischemic AKI and its role as
a biomarker of systemic inflammation."**” The positive
correlation of IL-18 with serum creatinine and the nega-
tive correlation with eGFR in our study further substan-
tiates its diagnostic relevance.

Our logistic regression analysis confirmed that
KIM-1 and IL-18 were independent predictors of ad-
verse clinical outcomes in patients with CRS. KIM-1
demonstrated the highest predictive strength with an
odds ratio of 3.5, indicating a strong association be-
tween elevated KIM-1 levels and unfavorable outcomes.
This finding is consistent with that of Zhang et al., who
identified KIM-1 as a significant predictor of progres-
sion to CKD and adverse outcomes in patients with
AKI. IL-18 has also emerged as an independent predic-
tor, albeit with a weaker association, which may reflect
its role as a systemic inflammatory marker rather than
a direct indicator of tubular damage.””*® This distinc-
tion highlights the multifaceted nature of CRS, in which
both structural and inflammatory processes interact to
determine patient outcomes.

The high area under the ROC (AUC=0.971) and the
classification accuracy (91.11%) achieved by our predic-
tive model suggest that incorporating KIM-1 and IL-18
into clinical workflows could substantially enhance the
precision of CRS diagnosis and prognosis. This aligns
with the contemporary shift in nephrology and cardiol-
ogy towards adopting biomarker-based approaches for
the early detection of high-risk patients.*

The robust correlations among the parameters
of KIM-1, IL-18, and renal function offer significant
pathophysiological information about CRS. The strong
positive correlation with serum creatinine and a neg-
ative correlation with eGFR underscores its close as-
sociation with tubular injury and impaired filtration
capacity. Similarly, IL-18’ significant correlations with
both renal function and systemic inflammation high-
light its dual role in mediating kidney damage and
orchestrating immune responses.”” The inverse rela-
tionship between eGFR and both biomarkers empha-
sizes the intricate interplay between declining filtration
capacity and progressive renal damage in CRS. These
findings suggest that KIM-1 and IL-18 could serve not
only as diagnostic tools, but also as surrogate mark-
ers to monitor disease progression and therapeutic
efficacy. This dual functionality aligns with the prin-
ciples of precision medicine, advocating personalized
therapeutic strategies based on individual biomark-
er profiles.*"*> Recent studies have also investigated
emerging biomarkers such as NGAL, cystatin C, and
soluble ST2 for CRS.**** Although our study focused
on KIM-1 and IL-18, future comparative analyzes are
needed to determine their relative performance and
potential for integration into clinical practice.

These findings have profound clinical implica-
tions. Early detection of acute CRS using biomarkers
such as KIM-1 and IL-18 can facilitate timely therapeu-
tic interventions, including optimizing volume status,
managing neurohormonal activation, and mitigating
inflammation. Moreover, these biomarkers can inform
personalized treatment strategies by stratifying patients
according to disease severity. For example, KIM-1’s sen-
sitivity to tubular injury can identify patients who may
benefit the most from renal protective therapies, while
IL-18 can aid in monitoring the efficacy of anti-inflam-
matory treatments. Integrating these biomarkers into
clinical practice aligns with evolving paradigms in pre-
cision medicine, which prioritize individualized risk
stratification and therapeutic approaches in the man-
agement of complex syndromes such as CRS.***$ Fur-
thermore, the use of KIM-1 and IL-18 can improve the
early identification of high-risk patients, potentially im-
proving clinical outcomes and reducing the healthcare
costs associated with delayed diagnosis and treatment.
Our results are in line with recent reports that highlight
the promise of biomarker-guided approaches for early
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detection and personalized management in renal dys-
function.*” Despite the promising diagnostic and prog-
nostic potential of plasma KIM-1 and IL-18, several
practical barriers remain. These include the cost-effec-
tiveness of routine biomarker measurement, the need
for standardized assay protocols in clinical laboratories,
and regulatory hurdles that can affect widespread clini-
cal adoption. Addressing these issues will be critical to a
successful translation into daily clinical practice.

Study limitations and strengths

One of the main strengths of this study was the com-
prehensive evaluation of traditional renal biomarkers
(serum creatinine) and a new marker of tubular injury
(KIM-1) in an acute cardiorenal population. By correlat-
ing baseline and current creatinine levels with KIM-1,
our findings provide more insight into the pathophys-
iology of AKI in the setting of heart failure. Further-
more, the use of standardized analytical techniques and
well-defined clinical groups strengthened the internal
validity of our results. Despite these compelling find-
ings, this study has several limitations. The case-control
design restricts our ability to draw causal inferences re-
garding biomarker dynamics and disease progression.
Longitudinal studies are essential to validate the tem-
poral relationships between KIM-1 and IL-18 levels and
clinical outcomes in CRS. A major limitation of our
study is the small sample size (n=30 per group), which
can increase the risk of overfitting and limit the general-
izability of our findings. Future studies with larger, mul-
ticenter cohorts are needed to confirm these results.

Future directions

Future research should explore the interaction between
cardiac biomarkers (eg, NT-proBNP) and renal bio-
markers to provide a more holistic understanding of the
pathophysiology of CRS. Investigating the combined
prognostic value of these biomarkers could reveal the
complex interdependencies between cardiac and renal
dysfunctions. Future research should include an inde-
pendent validation cohort to verify the diagnostic and
prognostic performance of these biomarkers. Moreover,
evaluating the cost effectiveness and feasibility of inte-
grating KIM-1 and IL-18 into routine clinical workflows
is crucial to their widespread adoption. Although our
findings are promising, future studies involving larger
and more heterogeneous cohorts over extended time
frames are essential to validate the diagnostic and prog-
nostic functions of these biomarkers and to ensure their
effective integration into clinical practice. Furthermore,
our study represents a single time-point analysis. Future
research should include serial measurements of plasma
KIM-1 and IL-18 to better elucidate their temporal dy-
namics during disease progression and recovery.

Conclusion

This study highlights the clinical utility of plasma KIM-
1 and IL-18 levels as diagnostic and prognostic bio-
markers for acute CRS. Their strong association with
renal dysfunction and adverse disease outcomes under-
scores their potential to enhance risk stratification, facil-
itate early diagnosis, and inform personalized treatment
strategies. These findings contribute to the growing ev-
idence supporting biomarker-based approaches in the
management of cardiorenal syndromes, paving the way
for more precise and effective care in this high-risk pa-
tient population.
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